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Abstract. A compact design of a circularly-polarized (CP) 
microstrip antenna to achieve dual-band behavior for 
WiMAX applications is presented. A single-layered feed is 
used to excite a single square patch integrated with a novel 
asymmetrical slot and two different truncated corners to 
achieve CP polarization in both bands. Besides its struc-
tural simplicity, ease of fabrication and low cost, the pro-
posed antenna features a satisfactory impedance band-
width of 7.2 % in the lower band (2.53 GHz) and 3.6 % in 
the upper band (5.73 GHz). The measured radiation pat-
tern of the proposed antenna demonstrates directional 
patterns in both E- and H-planes with a 3 dB axial ratio of 
2 % and 3.2 % in the lower and upper band, respectively. 
Keywords 
Asymmetrical slot, circularly polarized (CP), dual-
band, microstrip antenna. 
1. Introduction  
In recent years, the evolution in wireless communica-
tions necessitates dedicated and compact antennas. The 
limitation of the transmitter-to-receiver orientation can be 
effectively solved when antennas with circular polarization 
(CP) are utilized [1]. Moreover, it is of great importance to 
design CP microstrip antenna structures with a single-feed 
mechanism to keep the configuration compact. In the past 
decade, various single- and dual-band CP patch antennas 
have been investigated. In [2], a single-feed square patch 
was truncated at its corners to obtain CP, which typically 
results in narrow axial-ratio bandwidths. This design in-
volves four slits incorporated into a square patch for circu-
lar polarization at 2.2 GHz with an axial ratio bandwidth of 
about 1.62 %. In [3], another truncated-corner antenna with 
the aid of several slits produced CP and an axial ratio band-
width of around 1.45 % at 2.45 GHz. This structure offers 
a size reduction of about 36 % compared to conventional 
truncated corner CP antenna designs. A new C-type single 
feed introduced in [4] successfully enhanced the axial ratio 
bandwidth to about 13.5 % at 5.4 GHz. Meanwhile, in [5], 
a new dual-band CP slot antenna design inserted with 
metallic strips was introduced. CP was obtained by loading 
the square slot with a T-shaped strip and two microstrip T-
junctions. This resulted in an axial ratio bandwidth of about 
19.6 % at 2.54 GHz. In [6-8], variations of the U-slot were 
introduced as a new technique to achieve CP, besides 
simultaneously broadening the impedance bandwidth. On 
the other hand, researchers in [9] investigated a set of 
single-feed, corner-truncated patch antennas with various 
thicknesses. The U-slot patch with an L-probe effectively 
improved impedance matching to 28.1 % and the CP band-
width to 14 %. To achieve dual-band CP, most of the pre-
viously proposed structures utilized two patches [6], [10], 
[11]. In [10], for instance, to obtain a dual-band CP an-
tenna, two different truncated-corner square patches are 
stacked. The result showed an impedance bandwidth of 
3.43 % and 4.91 % at 2.45 GHz and 5.7 GHz, respectively.  
To achieve simultaneous dual-band CP and a wide 
impedance bandwidth, researchers in [6] proposed the 
asymmetrical U-slot. Axial ratio bandwidths of 1 % and 
3.1 % in lower and higher bands were achieved in. A larger 
4 % single-band CP bandwidth is obtained using this simi-
lar structure at 2.4 GHz in [7]. In [12], a compact, aperture-
coupled, stacked CP antenna structure was presented. 
A perturbed square loop resonator was applied to excite 
dual- and orthogonal-modes simultaneously, achieving the 
desired CP at 2.42 GHz with 2.5 % axial ratio bandwidth. 
Asymmetrical slits incorporated in the diagonal direction of 
a single, square patch in [13] enabled a compact antenna 
size, a measured impedance bandwidth of 2.5 % and 
an axial ratio bandwidth of 0.5 %. Therefore, the asymmet-
ric slit structure has been found to effectively realize com-
pact, circularly polarized microstrip patch antennas. 
In this paper, a new configuration to achieve dual-
band circular polarization is presented. Unlike previous 
designs, the proposed structure uses a simple microstrip 
feed to excite the microstrip patch to enable dual band 
resonance on a single layered structure. Moreover, the 
antenna is optimized to resonate in two WiMAX bands, i.e. 
at 2.53 GHz and 5.73 GHz with simultaneous circular po-
larization at both frequencies. Its low-cost and compactness 
makes it especially easy to be embedded into portable de-
vices such as WiMAX routers. It may also be integrated 
into larger handheld devices such as smart phones and 
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portable WiMAX video/TV receivers. The paper is organ-
ized as follows. The next section will first introduce the 
antenna topology, presents its design procedure and details 
its optimized dimensions. The following section 3 analyzes 
and discusses the results for electric and magnetic fields, 
resonance frequencies, axial ratios, and radiation patterns. 
Our concluding remarks are summarized in section 4. 
 
Fig. 1.  Geometry of the circularly-polarized antenna. 
2. Antenna Design 
The geometry is shown in Fig. 1. The asymmetrical 
structure is realized through the use of various slots and 
two truncated corners. Once integrated onto the square 
patch, two orthogonal modes with a quadrature phase for 
CP generation are enabled. A 55 × 55 mm2 (denoted as 
L × L mm2) FR4 substrate with a relative permittivity, εr of 
4.5, loss tangent, tanδ of 0.019 and height, h of 1.6 mm is 
used, with a fully-metalized reverse side as its ground. To 
enable a 50 Ω input impedance, two microstrip lines 
dimensioned at l1 × w1 = 5 × 3 mm2 and l2 × w2 = 
13 × 1 mm2, respectively, are combined to feed a square 
patch sized at w3 × w3 = 25.5 × 25.5 mm2. As shown in 
Fig. 1, a quasi T-shape slot is used to tune the resonant 
frequencies as well as to enable circular polarization. 
A good CP bandwidth is also effectively enabled by 
the conventional technique of edge-chamfering at the two 
resonator patch corners. It is observed from simulations 
that creating asymmetrical corners facilitates the lowering 
of the axial ratio. Moreover, the corners are also utilized to 
reverse the negative effect of the parasitic slots on the axial 
ratio, where their angle optimization enabled the highest 
possible CP bandwidth for this structure. The widest si-
multaneous axial ratio bandwidth within the two bands is 
achieved by cutting a corner length of l5 = 4 mm and angle 
of θ1 = 37o for the bottom right chamfer, and a corner 
length of l10 = 4 mm and angle of θ2 = 55o for the top left 
chamfer. The antenna is designed to have an LHCP radia-
tion in the lower band and an RHCP pattern in the higher 
band. The CP orientation can be controlled by changing the 
truncated corners and asymmetrical slots l5 and l9. 
l3 l4 l6 l7 l8 l9 l11 
8.7 7.5 5 8 3.5 3 10 
l12 l13 l14 l15 w4 w5 w6 
12.3 7 12 12.1 0.8 0.5 2.8 
Tab. 1.  Optimized slot dimensions (in millimeters). 
To enable CP at both frequencies, asymmetrical slots 
and the truncated corners are introduced onto the radiator. 
Results from our parametric investigation indicated that CP 
at the lower frequency is facilitated by the center asymmet-
rical T-slot and two diagonally-located, truncated corners. 
On the other hand, two vertical slits located at the bottom 
right and top left corners of the patch radiator, besides the 
truncated corners are imperative elements in allowing CP 
in the upper band. Meanwhile, LHCP and RHCP orienta-
tions can be controlled by first changing the truncated cor-
ner's angle and length. Next, a steady symmetry increase to 
the two vertical T-slot arms at the patch center will also 
enable control of the antenna's CP characteristics. The opti-
mal slot dimensions enabling the best impedance matching 
and axial ratio are shown in Tab. 1. 
3. Results and Discussion 
Simulations of the proposed antenna were conducted 
using CST Microwave Studio, while return loss and 
radiation pattern measurements were obtained using 
a Vector Network Analyzer and an anechoic chamber. The 
simulated and measured antenna return loss, optimal at 
2.53 GHz and 5.73 GHz, is shown in Fig. 2. As observed, 
the antenna shows a dual-band impedance bandwidth and 
measurements are in good agreement with simulations. The 
antenna features a measured impedance bandwidth of 
186 MHz between 2.494 GHz and 2.680 GHz for the lower 
2.53 GHz band. Meanwhile, an impedance bandwidth of 
206 MHz is generated for the higher 5.73 GHz WiMAX 
band, between 5.610 GHz and 5.816 GHz. Tab. 2 shows 
the comparison between measured and simulated 




















2.53 -20 127 5  2.50 -27 186 7.2 
5.73 -17 246 4.20 5.73 -17 206 3.6 
Tab. 2.  Simulated and measured return loss and bandwidth. 
As shown in Fig. 3, measurements indicated a dual-
band CP operation with good axial ratio bandwidths within 
the antenna's operating bandwidth. For the lower band, 
about 52 MHz of 3 dB axial ratio bandwidth is achieved 
from 2.50 GHz to 2.557 GHz, while for the upper band, 
a 180 MHz bandwidth is observed between 5.610 GHz and 
5.790 GHz. Note that this design is concentrated on achiev-
ing a dual-band CP performance rather than widening the 
axial ratio bandwidth in each of the bands. To investigate 
the role of the slots and truncated corners in facilitating the 
dual-band CP, surface current densities of the proposed 
antenna are given at 2.53 GHz and 5.73 GHz. 
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Fig. 3.  Measured versus simulated axial ratio at (a) 2.53 GHz,  
and (b) 5.73 GHz. 
Fig. 4 shows the surface current densities for the two 
resonant frequencies of 2.53 GHz and 5.73 GHz. In 
Fig. 4 (a), it is observed that the current density in the 
asymmetrical T-slot and the two connected horizontal slits 
to its right and left are stronger. In addition, they have 





Fig. 4. Surface current distribution for the proposed antenna 
at: (a) 2.53 GHz and (b) 5.73 GHz. 
In parallel Fig. 4(b) shows stronger surface currents in 
the vertical parts of the asymmetrical T-slot. This enables 
a low axial ratio level at the higher resonant frequency be-
cause the slots have equal electrical length with quadrature 
phase difference. The surface currents show more density 
at the two vertical slits at the opposite diagonal corners 
(bottom left and top right). Based on our observation, 
although truncated corners enable a lower axial ratio, the T-
asymmetrical slot arms are the main enabling factor for the 
antenna to radiate circular waves at both resonant frequen-
cies. The fabricated antenna prototype is shown in Fig. 5. 
An SMA connector is soldered to the microstrip line.  
 
Fig. 5.  Photograph of the fabricated prototype. 
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Fig. 6 illustrates the measured and simulated radiation 
pattern of the proposed antenna at 2.53 GHz and 5.73 GHz. 
A directional antenna radiation pattern is seen in both E- 
and H-planes, with good agreements in both bands. On the 
other hand, the gain is slightly reduced in the upper band 
due to the expected additional FR4 losses at higher fre-
quencies especially for a dual-band, single-patch antenna 
[14]. As shown in Figs. 6(a) and (b), the measured 3-dB 
beamwidths at the lower resonance for the y-z (E-plane) 
and x-z (H-plane) planes are about 900. From Figs. 6(c) and 
(d), the measured 3-dB beamwidths at the upper resonance 
for E- and H-plane are 380 and 520, respectively. It can be 
clearly observed that for φ = 00 and 900, the cross-polariza-
tion is 10 dB below the co-polarization for both E- and H-
planes at 2.53 GHz. Meanwhile, for 5.73 GHz in both x-z 
and y-z plane, the co-polarization at broadside is around 
8 dB above the cross polarization. The maximum measured 
gain at the resonant frequencies is around 5 dBi and 4 dBi 
in the lower and upper band, respectively.  
 
Fig. 6.  Measured versus simulated radiation patterns at:  
(a) 2.53 GHz (E-plane), (b) 2.53 GHz (H-plane),  
(c) 5.73 GHz (E-plane), (d) 5.73 GHz (H-plane). 
4. Conclusion 
A new configuration for a single feed, dual-band, 
circularly-polarized patch antenna is presented. The use of 
the novel asymmetrical slot generated 2 % and 3.2 % CP 
axial ratio bandwidth in two desired bands, 2.53 GHz and 
5.73 GHz. Besides, the slot has also facilitated impedance 
bandwidth broadening starting from a conventional, single-
patch topology. Two orthogonal modes are produced to 
allow circular polarization through the optimization of the 
slot and chamfer dimensions. Moreover, the CP can be 
easily controlled through minor slot and slit modifications. 
Besides featuring a simple and compact topology, the an-
tenna is also low-cost and suited for WiMAX applications. 
Acknowledgements 
The work is financially supported by the Malaysian 
Ministry of Higher Education (MOHE). The authors would 
like to acknowledge Jan Maes and ESAT-CDE for their 
technical contributions. 
References 
[1] SOLIMAN, E. A., BREBELS, S., BEYNE, E., VANDENBOSCH, 
G. A. E. Circularly polarized aperture antenna fed by CPW and 
built in MCM-D technology. Electronics Letters, 1999, vol. 35, 
p. 250-251. 
[2] WONG, K. L., WU, J. Y. Single-feed small circularly polarised 
square microstrip antenna. Electronics Letters, 1997, vol. 33, 
p. 1833-1834. 
[3] CHEN, W. S., et al. Novel compact circularly polarized square mi-
crostrip antenna. IEEE Transactions on Antennas and Propaga-
tion, 2001, vol. 49, p. 340-342. 
[4] NASIMUDDIN, N., et al. Wideband circularly polarized stacked 
microstrip antennas. IEEE Antennas and Wireless Propagation 
Letters, 2007, vol. 6, p. 21-24. 
[5] ZHAO, G., et al. Design of a broadband dual circularly polarized 
square slot antenna. Microwave and Optical Technology Letters, 
2008, vol. 50, p. 2639-2642. 
[6] NAYERI, P., et al. Dual-band circularly polarized antennas using 
stacked patches with asymmetric U-slots. Antennas and Wireless 
Propagation Letters, IEEE, 2011, vol. 10, p. 285-288. 
[7] TONG, K. F., WONG, T. P. Circularly polarized U-slot antenna. 
IEEE Transactions on Antennas and Propagation, 2007, vol. 55, 
p. 2382-2385. 
[8] LAM, K. Y., et al. Small circularly polarized U-slot wideband 
patch antenna. IEEE Antennas and Wireless Propagation Letters, 
2011, vol. 10, p. 87-90. 
[9] YANG, S. S., et al. Design and study of wideband single feed 
circularly polarized microstrip antennas. Progress in Electromag-
netics Research, 2008, vol. 80, p. 45-61. 
[10] OOI, T.S, RAHIM, S. K. A., KOH, B. P. 2.45 GHz and 5.8 GHz 
compact dual-band circularly polarized patch antenna. Journal of 
Electromagnetic Waves and Applications, 2010, vol. 24, p. 1473 to 
1482. 
[11] ZAKARIA, N., RAHIM, S. K. A., OOI, T. S., TAN, K. G., REZA, 
A. W., RANI, M. S. A. Design of stacked microstrip dual-band 
circular polarized antenna. Radioengineering, 2012, vol. 21, 
p. 875-880. 
[12] LIU, J. C., et al. Single-feed circularly polarized aperture-coupled 
stack antenna with dual-mode square loop radiator. IEEE Antennas 
and Wireless Propagation Letters, 2010, vol. 9, p. 887-890. 
[13] NASIMUDDIN, N., et al. Compact asymmetric-slit microstrip 
antennas for circular polarization. IEEE Transactions on Antennas 
and Propagation, 2011, vol. 59, p. 285-288. 
[14] KUO, J. S., HSIEH, G. B. Gain enhancement of a circularly 
polarized equilateral-triangular microstrip antenna with a slotted 
ground plane. IEEE Transactions on Antennas and Propagation, 
2003, vol. 51, p. 1652-1656. 
RADIOENGINEERING, VOL. 22, NO. 1, APRIL 2013 295 
About Authors 
Seyed Mohammad NOGHABAEI was born in Rasht, 
Iran. He received his bachelor in Electrical Engineering 
(Electronic) from Azad University, Iran, in 2004 and his 
master in Electrical Engineering (Telecommunication) 
from Universiti Teknologi Malaysia (UTM) in 2012. Cur-
rently, he is a research assistant on “Reconfigurable An-
tenna Design” in Wireless Communications Center (WCC) 
at The Universiti Technologi Malaysia (UTM), Malaysia. 
His research interests are Reconfigurable Antenna Design, 
Array Antennas, Microstrip and Printed Antennas. 
Sharul Kamal Abdul RAHIM obtained his first degree 
from University of Tennessee, USA majoring in Electrical 
Engineering, graduating in 1996, MSc in Engineering 
(Communication Engineering) from Universiti Teknologi 
Malaysia (UTM) in 2001 and PhD in Wireless Communi-
cation System from University of Birmingham, UK in 
2007. Currently, Dr. Sharul is an Associate Professor at 
Wireless Communication Centre, Faculty of Electrical 
Engineering, UTM Skudai. His research interest is Smart 
Antenna on Communication System.  
Ping Jack SOH was born in Sabah, Malaysia. He received 
his Bachelor and Master in Engineering from Universiti 
Teknologi Malaysia (UTM) in 2002 and 2005, respec-
tively. From 2002 to 2004, he was a Test Engineer, work-
ing on new products’ test definition for printer manufac-
turing purposes - both hardware and software. Then in 
2005, he joined Motorola Technology Malaysia as a Re-
search and Development (R&D) Engineer. There, he 
worked on the hardware development of new two-way 
radios, focusing on RF design, characterization and testing 
of new radios’ antennas. From 2006, he joined the School 
of Computer and Communication Engineering, Universiti 
Malaysia Perlis (UniMAP). He is currently on study leave  
and working towards his Doctoral degree in the Telecom-
munication and Microwaves Research Division, Depart-
ment of Electrical Engineering (ESAT-TELEMIC), Katho-
lieke Universiteit Leuven, Belgium. His research interest 
includes the development and modeling of flexible, textile 
and planar antennas, metamaterials, propagation study, and 
microwaves measurements. 
Mohammad Abedian KASGARI was born in Ghaem-
shahr, Iran. He received his bachelor in Electrical & Elec-
tronics Engineering from Babol Noshirvani University of 
Technology, Iran, in 2008 and his master in Electrical-
Electronics & Tele-Communications from Universiti 
Teknologi Malaysia (UTM) in 2012. Currently, he is 
a research assistant on “Dielectric Resonator Antennas” in 
Wireless Communications Center (WCC) at The Universiti 
Technologi Malaysia (UTM), Malaysia. His research inter-
ests are Dielectric Resonator Antennas, Reconfigurable 
Antenna Design, Microstrip and Printed Antennas. 
Guy A. E. VANDENBOSCH was born in Sint-Niklaas, 
Belgium. He received the M.S. and Ph.D. degrees in Elec-
trical Engineering from the Katholieke Universiteit Leu-
ven, Leuven, Belgium, in 1985 and 1991, respectively. He 
was a research and teaching assistant from 1985 to 1991 
with the Telecommunications and Microwaves section of 
the Katholieke Universiteit Leuven, where he worked on 
the modeling of microstrip antennas with the integral equa-
tion technique. From 1991 to 1993, he held a postdoctoral 
research position at the Katholieke Universiteit Leuven. 
Since 1993 he is a Professor at the same university. His 
research interests are in the area of electromagnetic theory, 
computational electromagnetics, planar antennas and cir-
cuits, electromagnetic radiation, and electromagnetic com-
patibility. He is holder of a certificate of the post-academic 
course in Electro-Magnetic Compatibility at the Technical 
University Eindhoven, The Netherlands. 
 
